In a previous study, logistic regression analysis was used to determine the association of independent fixed patient factors with the incidence of postoperative nausea and vomiting (PONV). Female sex, previous history of PONV, use of postoperative opioids, previous history of motion sickness and an interaction between male sex and previous history of PONV were combined in an equation from which risk of PONV could be estimated. The present study was designed to test this equation in a group of patients with wide selection criteria. Data on 400 patients were collected in relation to pre-, per-and postoperative factors which may influence the incidence of PONV. The equation was used to predict PONV, and actual outcome was compared with that predicted. The overall incidence of PONV was 36 %. The equation predicted an overall probability of PONV of 27.4 %. If the model was used to define individual patients as predicted to have or not to have PONV, it was correct only 71 % of the time. However, there was good agreement between the actual incidences of PONV and those predicted among the 16 risk groups created by the model. (Br. J. Anaesth. 1996; 76: 347-351) Key words Vomiting, nausea. Vomiting, incidence. Vomiting, nausea, anaesthetic factors. Vomiting, nausea, surgical factors. Model, logistic regression.
The incidence of postoperative nausea and vomiting (PONV) has remained nearly constant over the past 30 yr (20-30 %) despite considerable changes in other aspects of anaesthetic practice [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Until recently, PONV was considered a relatively unimportant postoperative complication, but the growing emphasis on day-case surgery has focused attention on complications which might delay discharge. Development of effective antiemetic therapy has been hampered by the multifactorial nature of PONV. This has presented considerable difficulty to investigators in ensuring adequate standardization of study groups for the risk of PONV. A more rigorous approach to the study of PONV requires quantification of the relative contribution of individual patient, surgical and anaesthetic factors in its aetiology. This information could be used to ensure that drug treated and control groups of patients are at equal risk of PONV before operation. It would also allow comparison of observed and predicted outcomes between studies.
In a preliminary study, Palazzo and Evans [12] developed a model for prediction of postoperative emesis in patients undergoing minor orthopaedic surgery. Variable factors (i.e. those that may be modified by the anaesthetist) were controlled. This involved a standardized anaesthetic technique of induction with thiopentone 4 mg kg 91 followed by spontaneous ventilation with a mixture of 2 % enflurane and 65 % nitrous oxide in oxygen. Fixed patient factors were allowed to be distributed freely (e.g. age, weight, sex). Logistic regression analysis was used to determine the association of independent fixed patient factors with the incidence of PONV. The fixed patient factors of sex, history of previous emesis, postoperative opioids and an interaction between sex and previous emetic history were identified as significant independent variables. Motion sickness had a weak association which did not reach statistical significance but was retained in the model on the basis that this was probably a result of the small number of patients. These factors were expressed in a logistic regression equation from which the risk of postoperative emesis for an individual patient could be calculated before operation. The object of the current study was to test the predictive value of this model in a heterogeneous patient group where surgical and anaesthetic factors were subject to considerable variation.
Patients and methods
After obtaining approval from the hospital Ethics Committee, we studied 400 patients (274 female). [13] . In this study, variable factors relating to the perioperative period were not controlled. Details from the intraoperative and early recovery periods were recorded by the patient's anaesthetist and recovery nurse. All patients were allowed opioid analgesics and antiemetics as required after operation. Twenty four hours later the patient was revisited by an investigator and episodes of PONV, time of first oral intake, and use of opioids and antiemetics were recorded. Postoperative emesis was defined as vomiting (an integrated reflex resulting in expulsion of gastric contents), retching (a non-productive vomit) or nausea (the sensation of wishing to vomit).
Multiple linear regression allows the prediction of a single dependent variable (outcome) from the values of other explanatory (predictor) variables. However, this approach is only suitable when the outcome variable is continuous (e.g. birth weight). When the outcome variable is binary, as in the present study, multiple logistic regression is used [14] . To avoid impossible values of the dependent variable, a logit transformation is performed. If P is the probability an individual will vomit, then 1 9 P is the probability they will not. The ratio P/1 9 P is termed the odds and thus the log odds is logit (P) : ln (P/1 9 P)
The relative effects of the fixed patient factors identified by Palazzo and Evans [12] were summarized in the equation: log odds (of emesis) :
5.03 2.24 (opioid analgesics) 3.97 (previous − ; ; emetic history) 2.4 (sex) 0.78 (motion ; ; sickness) 3.2 (sex previous emetic history).
− ×
To calculate the predicted probability of postoperative emesis for each patient, the use of opioid analgesics in the first 24 h after operation, previous postoperative emetic history, previous history of motion sickness or female sex was coded as 1, while absence of a factor or male sex was coded as 0. For example, from this formula a male with a previous history of emesis, motion sickness and who also received opioids would have a log odds of emesis in the first 24 h after operation of 1.96. This results in a calculated probability of emesis of 0.876 or 87.6 %. For calculating the risk of any group of patients, the individual patient probabilities should be summed and divided by the number of patients to provide a mean (SD). Each of the four factors used in this equation has just two possible values so that there are 2 4 : 16 risk groups. Each group has a different predicted probability of PONV ranging from males with none of the risk factors with a predicted probability of PONV of 0.6 %, to the group used as an example above with all of the risk factors for whom the predicted risk is 88 %.
When predicting outcome for individuals, the logical cut-off is 50 %. Those with a predicted probability of less than 50 % become predicted nonvomiters and those with a predicted probability of 50 % or greater predicted vomiters.
The association of the factors recorded in the questionnaire (table 1) with PONV was assessed in 
Results
Of the 400 patients included in the study, the model had an average predicted probability of PONV of 27.4 %. The number who did have PONV was 143 (36 %). When a 50 % cut-off was used to predict which individuals would or would not have PONV, the model predicted that 89 (22 %) would vomit (table 2) . Of these, 58 did vomit giving the model a positive predictive value of 65 %. A total of 311 patients were predicted not to vomit and this proved to be the case in 226, producing a negative predictive value of 73 %. The overall correct prediction rate of the model was 71 %. A total of 143 patients vomited and the model correctly predicted 58 of these, giving a sensitivity of 41 %; 257 patients did not vomit and the model correctly predicted 226 of these, giving a specificity of 88 %. Table 3 shows the predicted and actual outcomes for each of the 16 risk groups generated by the model. In general, there was better agreement in the groups that were larger or at higher predicted risk of PONV. This became more apparent when the predicted percentage in each of the 16 groups was plotted against the actual percentage of PONV ( fig.  1 ). In figure 1 , the groups are shown as circles, the radius of which is proportional to the size of that group. The overall incidence of PONV was higher than that predicted and this is reflected in figure 1 where most of the circles lie just above the line that would represent perfect prediction by the model. The agreement between the observed and predicted rate of PONV was much greater than would be expected by chance (correlation weighted by group size : 0.89, P : 0.005).
In this study, factors that were significantly more prevalent in vomiters than non-vomiters were female sex, previous history of postoperative emesis, increased duration of anaesthesia and use of the laryngeal mask airway, opioids or any neuromuscular blocking agent. Factors that were not significantly different for vomiters or non-vomiters were age, ASA status, ethnic origin, previous history of morning sickness, motion sickness, vertigo, migraine headache or starvation nausea, smoking, type of premedication, preoperative or intraoperative use of antiemetics, grade of anaesthetist, nature of surgery, induction agent, volatile agent, use of a tracheal tube, positive pressure ventilation, lowest recorded intraoperative systolic arterial pressure or arterial oxygen saturation, or highest end-tidal carbon dioxide. The combined effects of all variables were then analysed by stepwise logistic regression. Three factors were independent contributors to PONV. These were sex (odds ratio 2.9), previous emetic history (odds ratio 2.9) and opioid analgesics (odds ratio 3.7). All of these were highly statistically significant (P :0.0005). As in the original study, motion sickness narrowly failed to reach statistical significance.
Discussion
An effective model for estimation of the risk of PONV using fixed patient factors would be a potentially useful tool for future investigators in ensuring that their study groups are balanced. The model described in this article had been developed intentionally in a restricted patient group that received a standardized anaesthetic technique to maximize the relative effects of fixed patient factors [12] . The current study tested this model in a larger and heterogeneous patient group.
There are different approaches which may be used to assess the performance of the model. If individual patients are defined as predicted vomiters or nonvomiters, then a predicted risk of 50 % is a logical cut-off. This resulted in a correct prediction rate of 71 % which although reasonable, is in fact not substantially greater than chance alone would allow. While this indicates that the model is not outstanding at predicting outcomes for individual patients, this approach tends to underestimate the predictive value of the model because it does not demonstrate how it performs within groups of patients. Many patients will have a predicted risk of PONV of the order of 50 %. With a 50 %, yes/no cut-off, the model will often appear wrong because by definition the patient has only a 50 : 50 chance of PONV. If the model is effective at determining risk of PONV, then the actual incidence of PONV in groups of patients with the same combination of factors will be similar to that predicted. This was indeed the case in the larger groups of patients and those at greater risk of PONV ( fig. 1, table 3 ). This is seen best in the 22 patients predicted to have a 76 % risk of PONV and among whom the actual incidence was 77 %. The agreement between the observed and predicted rate of PONV was much greater than would be expected by chance (correlation weighted by group size : 0.89, P : 0.005). Thus the model is effective at estimating the risk of PONV in groups of patients and particularly those at high risk of PONV. This is exactly the group that investigators should be targeting, both because they represent a group most likely to benefit from improved antiemetic therapy and because use of a high-risk group increases the power of the study.
The study also confirmed that among fixed patient factors, female sex, use of opioids and previous history of PONV contribute disproportionately to subsequent episodes. Of these, previous history of PONV is often overlooked in study standardization. The contribution of female sex as a fixed patient factor in PONV has been noted by many previous investigators, although restricted to adult, premenopausal women. This predisposition extends to types of surgery not normally associated with a high incidence of PONV (e.g. orthopaedic surgery [9] ). These observations suggest that fluctuations in female sex hormones during the menstrual cycle play an important role and indeed the greatest incidence of PONV in adult females occurs during the third and fourth week of the menstrual cycle [15] . Nausea and vomiting are common side effects of perioperative opioids, irrespective of the route of administration. There is evidence that the emetic effects of opioids are mediated via opioid receptors in the area postrema, resulting in activation of the vomiting centre. It has also been speculated that by directly activating the vestibular system, opioids increase the sensitivity of the emetic reflex [16] .
The association of previous history of PONV with subsequent episodes has received far less attention, although as long ago as 1964 Purkiss observed a three-fold increase in vomiting in the first 24 h in patients who had experienced previous postoperative vomiting [17] . It has been suggested that those individuals with previous PONV or motion sickness may have a well developed reflex arc for vomiting [18] .
The impact of a significant improvement in antiemetic therapy would be considerable, particularly at a time when there is increasing emphasis on early hospital discharge. Unfortunately, the difficulties of adequately standardizing patient groups for this highly multifactorial complaint have limited the validity of much of the work in this area. This study confirms that in a large and heterogeneous patient group, female sex, use of opioids and previous history of PONV play a substantial part in determining subsequent episodes of PONV. A model based on these factors and motion sickness was not particularly effective when used to define patients simply as predicted to have or not to have PONV. However, in predicting the risk of PONV in groups of patients with various combinations of risk factors, the model was effective, with good agreement between observed and predicted incidences. This was most significant in larger groups or those at greater risk of PONV.
